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me ionic cou.position of cerebral ISP was explored in 6 unaneatbeUzed goats at
sea level (SL) and again after 5 days at simulated high altitude (BA) of 4,300 m ,
by measuring net trans.pendymal fluxes of HCOf , C1 and lactate dur ing ventri—
culo—cisternal perfusions with lactate—free artificial CS? with various [Bc03)
and (Cr1: concentration of an ion in cerebral ISP is indicated by concentration
of that ion in the inf lowing perfusate , that produces zero flux. Ventilatory

f. l acciimatization to HA, was established (Pa~~2 41.3 and 34.3 torr at SL and BA ,
j  [~es~ectivelY. p(O.O0l), hyperventilation pers isting during acute hypero~~...
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(Pa02 >250 tori). Mean ciste fl%al—CSP p11 was more alkaline at HA (7.322 vs.
7.300 at SI., p(0.OOl). At SI., zero tranaepen~yma1 flux of HCO and Cl ‘

occurred when the ventriculo—cisternal system was perfused wit~ fluids with[HC0 ) and (C1 ] equal to those in the goat’s own CS!. At HA, C1 flux again
was ~ero when ~fC1 ] in perfusate and in the goat ’s own CS? were equal;
however, for 11C03, zero f lux occurred at HA when (11C03) in perfusate was signi-
ficantly lover (p ’(O.OOl) than in CS?. Mean negative transepandynal flux (wash—
out ) of lactate was 16 times larger at MA than at SI. (—0.147 vi. —0.009 )iH/
m m ;  pCO.OOl). We conclude that, at SI., [BCO ] and (Cl ] in CS? were the same
as in cerebral ISP, which is in agreement vtt~ previously published findings.In goats adapted to HA, (C1 ] in cerebral ISP remained equal to (Cl ’i in CS!,
while [HCOjJ in cerebral ISP was demonstrably lower , and ( lactate] presumably
higher , than in CSF. The fluid surrounding the central. chemoteceptors appears
to be more acidic in goats acclimatized to HA than at SI., in spite of the alk.a—
b ats in cist.rnal CS?. This may contribute to ventilatory acclimatization to
BA.
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Abs tract 1c ~3

~The ionic conposition of cerebral 1SF was expired in 6 unanesthetized

goats at sea level (SL) and again after 5 days at sinn4ated high altitude (Fik)

of 4300 m, by measuring net transependymal fluxes of 11&~J~ 2/and lactate

during ventriculo-cisternal perfusions with lactate-free artificial ~SF with

various (Hco~~ and (C1 j: concentration of an ion in cerebral 1SF is indicated

by concentration of that ion in the inflowing perfusate , that produces zero

flux .\ Ventilatory acclimatization to HA was established (PaC07 41.3 and 34.3

torr at SL and HA , respectively, p<0 .OOl ) , hyperventilation persisting during

acute hyperoxia (Paü2>250 torr) . Mean cisternal-CSF pH was more alkaline at

HA (7 .322 vs. 7 .300 at SL , p<0.O0 1) . At SL , zero transependymal flux of HCO~
and C1 occurred when the ventriculo-cisternal system was perfused with fluids

with [H CO~J and [C1 ] equal to those in the goat ’s own CSF. At HA , C1 flux

again was zero when [Cl ] in perfusate and in the goat ’s own CSF were equal ;

however , for HCU~ , zero flux occurred at HA when [HCO~] in perfus ate was signi-

ficantly lower (p<O .O0 l) than in CSF. Mean negative transependyrnal flux (wash-

out ) of lactate was 16 t imes larger at HA than at SL (-0.147 vs. -0.009 pM/

m m ;  p<0.0 0l) . ~1Ve conclude that , at SL , [HW~] and [CF J in CSF were the same

as in cerebral 1SF , which is in agreement with previously published findings.

In goats adapted to HA ,~ [Cl J in cerebral 1SF remained equal to [Cl ) in CSF,

while [H W~ ] in cerebral 1SF was demonstrably lower , arid [lactate] prestrnably .

higher , than in CSF. The fluid surrounding the central chemoreceptors appears

to be more acidic in goats acclimatized to HA than at SL , in spite of the alka-

losis in cisternal ~SF. This ‘y  contribut e to ventilatory acclimatization to
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Mechanisms responsible for ventilatory adaptation to high altitude (HA)

are still in dispute (14). In 1963, Severinghaus et al (26) attributed the

progressive hyperventilation to correction of the initial CSF alkalosis,

brought about by lowering CSF [HCO~ ] through active transport of ions across

the blood-brain barrier. This hypothesis , elegant in its simplicity, was

later challenged by Dempsey and his colleagues. They found that CSF pH in

humans (7,8,10) and ponies (19) was distinctly more alkaline after ventilatory

adaptation to HA than. at sea level (SL). Similar findings were subsequently

obtained by Bureau and Bouverot in dogs (4) and by l~
’eiskop f et al in humans

(27) . Recently, Crawford and Severinghaus (5) reinvestigated the ventilatory

adaptation of human s to HA and concluded that the alkalosis seen in CSF was a

- 
, 

reflection of the response of the peripheral chemoreceptors to hypoxemia, and

of other ventilatory drives, including those from the central chenoreceptors

responding to [H~J (the latter affected by local CNS tissue 
~~~~ 

which can

vary with accompanying changes in local blood fl ow) .

From studies in an imals at SL several authors have concluded that the

“central chemoreceptors” are located in the cerebral 1SF , at some distance

from the surface of the medulla , and not simply exposed to the cisternal CSF

(3 ,12 ,21) . It is therefore possible that in acclimatization to I-LA , the medul-

lary chemoreceptors are responding to a [H~] that may not be the same as that

reflected in [lI~O~] and PW2 of large-cavity (‘SF (14) . Indeed , I )av i cs (6) rc—

cently concluded that , in anesthetized dogs during three hours of hypoxia , the

observed increase in ventilation correlated with increase in [FI~J , which was

estimated for cerebral ECF at a chemosensitive area assumed to be located at a

certain distance along a gradient of [HCO~] bet~een CSF and blood.

— - ~~~~~ 
- - - 

~~~~~~~~~~~~~~~~~~ 

-



-~~~~ ~
--_

~ - - -~ -- --w_- — —- - - - fl - - -

t he  ionic comp osition of the cerebral 1SF (including [II’]) in anir~i1s

at SL has been shown to be the same as that in the l ar ge-cav i ty  CSF (9).

Ibweve r, there is no in fo nnation on the comp osition of the cereb ra l 1SF in

an imals acc l imati :ed to HA. The experiments to be described were done to

explore the re la t ionshi p between the ionic comp osition of CSF and that of

the cerebral 1SF in unanesthetized goats adapted to a s imulated al t i tude of

4300 m. By perfusing the ventriculo-cisterna l S stem wi th  a r t i f i c i a l  CSF of

variable ionic comp osition , net t ransependyma l fl uxes (9 ,21) were derived for

1k9, C1 and lactate .  The results indica te  that in goats acc l imat i zed  to HA ,

[H~ 1 in the f lu id  surrounding the cent ral chc n~~reccptors is  di f fe rent from

that  seen in the cis temal  CSF and appears to l’t’ ac i dot ic  enough to account

for the hypervent i la t ion  observed in the accl ii’~it i:ed animals .

t

t - - I
L ___



.).

Methods

1. General

Nylon guide tubes were permanen tly implanted over the lateral ventricles

and cisternac magnae in 6 goats (mean bod y weight 40 kg, range 33-48 kg) fol-

lowing the techniques described by Pappenhcirner Ct al (22) ; the animals were

also provided with skin-denervated carotid loops. Three to six weeks were

a1l~~ ed for healing and post-operative recovery. Before each expe riment , the

cerebral cavities we re punctured through the guide tubes us in g needles of

adjustable length , and a plastic cannula was percutaneously inserted into the

carotid artery , without  anesthesia.

Measurement s were made of resting venti lat ion and CC) : production while

the goats inhaled room air ;  an anaerobic sariple of cisternal CSF was obtained.

Resp iratory measurements we re then repeated with inhalation of 100% 02 . Sub-

sequen t ly,  the ventriculo-cisternal system of the aninals was perfus ed with

sterile art i ficial CSF with various ionic compositions while the goats were

breathing room air  (see below) . All measurements were made twice , once while

the an imals were adapted to normal harometL -ic pressure (50 m above SL) , and

again at simulated hi gh al titude , after 5 days’ adaptation.

2. Simulated high altitude

A hypobaric chamber with round-the-clock monitoring of pressure, temper-

t ature , and COnpOS i t  ion of air  was used. The pressure was kept at 446 torr

t (range ± S torr , corresponding to a l t i tude  of 4300 in) , temperature at 21 ± 1

C, and air flow such that F~~2 never exceeded 0.004 . Lights were tumed off

at ni ght .  The goats moved freel y in stalls  s imilar  to tha se in the regular

an imal quarters. They were fed regularly and had free access to wate r and



4.

salt licks. The animals tolerated the 5-day stay in the chanher wizhc~t ~ny

si gns of discomfort.

3. Resp iratory measurements

A latex rubber respiratory mask was snuggly fitted over the gcat s snout .

hhile wearing the mask , the animals appeared calm as they breathed air ~r 02
through a low-resistance “triple J” valve having dead space 320 ml ~~arrer~ E.

Collins , Inc . ) .  During periods of breathing 02 ,  the inspired gas was s~pplied

from a Douglas bag. Concentration of c02 in expired gases was measured with

an LB- 2 infrared analyzer (Beckman Instruments , Inc .) or an ~1CC)t- ll0C-.-\ rass

spectrometer (Perkin-Elme r Corp.) calibrated with gases analyzed with a

Scholander apparatus . Volume of expired gas was measured wi th a l~edge Spiro -

meter (Med-Science Electronics , Inc. ) .  Arterial blood was sampled and ~ and

mixed-expire d 
~CO2 

measured after a steady state in gas exchange had been reach-

ed , as judged by stability of the continuously-monitored mixed-expired ?C07 and

PET~~2 . VA was calculated using Enghoff ’s modificat ion of Bohr ’s formul a for

respiratory dead space .

4. Ventriculo-cisternal perfusions

The technique described by Pappenheinier et al (11 ,21 ,22) was aDplied.

Ventricular inflow was controlled at 1.5 - 2.0 mi/mm with a constant-flow in-

fusion pump calibrated for each experimental day. The tip of the ciste rial

outflow tubing was kept at the level of the goat ’s external auditory meatus ,

the fluid collected aerobicall y in glass cylinders ; volume was deterr~ineJ by

weighing . Inflow pressures , recorded at the hub of the needle for ventricular

inf l ow , and continuously monitored , were usually 3-4 ci~ 1123 hi gher than the

pressure at the t ip of the outfl ow tubing.

L __ 
_ _ _
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~ring each e\Pe 1- 1r ~eIli.I1 day , p er fusions  we re d~ ~~:-~ t hree f l u i d s .

~ne a ;’~n-o x n-~i ted  t !-.e ion ic coiapos it  ion of ci sternal fi :: id normal ~o;its

~~~) ;  i t  contained the following constituents (in nt”VL~ a 150 , K 2. 8 , Ca

1 . 3 , ~~ C’ . 8 , ( ‘1 1.5 , lltP~ 22, inorganic  P (1.5. The ofter n~o f lu ids  di ffered

in the cencent rat ion of ~~~~ being “ — 8 n~1/1. lower or l . 1g}~ r than norma l

(about l~ and 28 rt’VL, respectively) w i t h  complementary cF.anges in [Cl).

Ste r i l e  solut ~~is ~~t re prepared as dLscribod hv Pa pcn~:oin:r et al (11 , . 2 ) .

To avoid p !-eci p i t a t  ion of (‘a and ~-!g carbonates , 5~ Ct) (b~ ance O~) was bubbled

t ’ou~h the sol ut ions for  at 1 east 1 hour be fore Ca and )~ sal t s were added.

C)sr~o l a i ~it v  , i~eas ur ed w i t h a nodol V&~ I osnoncter Pr~-c is ic :. Svstem~ , was ad-

just ed to 300 n~ sn -1. by adding st or ii e py rogen— free wa~ or : r ~ NaC I . .-\pprox—

inatelv 1 nanocuri e of ~i1— inul in , spec i f~c act ivitv lt~C m urie1’g ~New England

\u~ l oar )  , was added per 1 ~:I o I perfusion fluid. P r i o r  tc in fus ion , the fluids

were pa ssed t hrough st er i l e  M i l l  ip oro f i l t e r s , ~OiC si :e C . 2 ;.:a (~ i ll i pore

Corp . 1

Be fo re col lect  ing fluids for analys is , each of tL~ roe d i f fe ren t  fluids

was perfused through the goat ’s ventriculo—cistemal s’stc until at least 5

ml of out fl ow was collected , which is about three t ir ~es r h~ vohmie needed to

establish s teady-state  distribut ion of substances when the 2SF S stein of goats

is perfused (11) . Out flow fluids were collected for zu1alv~is over 15 to 20

minutes.  ~~~ perfus ions of a given composition were c. u’ri ’d out twice , wi th

sampl ing of ar te r ia l  blood between the two collect ion por i~. is.

Net transepcnd)lnal fl uxes of }1CO~ , C1 and lactate ‘~~:-e calculated using

equat ion s der ived by Pappenhe imer et al (~) , 11 , 2 1 , 221 :

= \ ‘
~ (c~ 

— cf) — + Cj~ ) (c 0 — c~1 ,



o ii t o t  Ii ii~ of the ion ~: ‘ : u n  n c t ~ o : i  he po: : i i - o  e and ~hc oereHal

-

~

= :-a~ o o I lloa of  :- c r fus i en Iii: u s  ~n hl !~:n h I C  ,

c concent  r at  ion of the ion :ft- k~ U20) ,

.0, 1 , :~ = ~n~’~c r ~t s role rr in0 re~rcct ivc ’ lv to in f l ow , out Ii o~ , freshly formed

dSP and a r te r i al r 1 as~~i ;  f taken as o~ua 1 t o p (9) ,

= c learzuice of inul in f:o:’: ventricul ar svste:n ~~~~ - \0c0)/c0 t in l m in1

11) .

The f lu x  t lais ci ’,cnl  at  i d  is corre ct  od hot 1: f~ r ftc i P t  rv of the i:n under con—

s :derat:o:: Vid hu lk fon ~~~ :on of i~~F a t  t h e  c h o r o i d  li~ us , and for exi t of the

on v : a bulk re ah- .orpt ion of (2SF in ara chno Id vi i Ii . i~ ere love , ftc t vans-

11 i~\ o f an ion  re:~roseflts the net pass ive C\ch go bct~~ en the von-

: ic o — c i s t c : n a l  c r f a ~a t o  and th e cereb ra l ISP , across  the lc.ih- : ependvna in

ho \ L a t  r :cl es and ia-~ l ja on the cerebral surface. Liicn t ranse: endvna i I IIL\

of an ion is zero , the concen t rat ion of  that ion in the i fio\-, ing  porfusat o in—

d~cates its concent rat ion in the cerebral 1SF p~1 .

5 .  ~iaIv ca1 t~,i~j~~~

C’d : and p11 in a r t er i a l  blood and in (2SF were neasured at 37 C with

s t:utda rd ~~~ and J\~. o l o o t  rodos ~i~ad i or~’ ter :V51 and a Sevorin~hans pH ci cc-

trode ~23) using hadior~oter electron i cs ~rv~dcl P}1~1 2 ~-1K2 ) . Corrections were

nude fo r body tonpo n~tn re (1~~, 24 )  . Pr e c i s i o n  l’il fle rs ~ iJ ione i or) and gasos

~u~u Ivzcd w i t  h Scho lan de r appa rat  us Coi ’ ~~~ an d d~ were used to  cal ib r ate  the

electrodes. Ct~ concen t ~~ ion (C(p 2 1 in (2SF and in per ~~ ion 11 uii~ was moas—

t ired ~ i t h  t he \atelson ‘~i c ro~ asor~ot or ~Sci ent  i I: c liwhis t r~os • Inc . .

of c iste ~:al out flows , collected aemb ical lv , ~e ri ocai 1 (2-rated for at least

:t cs I a t onorie t i -r  a : 3 C t~ th  us con :a :n - 5. 5 C~~ . S n:nl cs we re

-a-.- ~~~
- _ _  - - - - . - 
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S t - - i o p n i t t l v  1- ilcd anue icni cal l v  n l i i i c  !i-iJig i :ci lv: - I c -:  :H  ani Ct:’ . Bi-

c . i f tcn: tt e  c~ ::c~- : : t i a t  i ( !~~ i n  blood pla s : :n , GSF , and 1)enf : i t c ~ i•. v r ~ ca1anlat~ i

f io r : :  an-asi:rcd i i i  and iCo~ , or C~~~, using 1uh l ishod a i iues  for K ’  and ~~~ sol—

uh il  i t  ics ( 1” , -; ~~. 
(2 l or i d e  in (2SF , in J)erftL~iofl fluids , and in anaerobically

~~- l c~r~ t i-i h-i COd p 1 a:- : ~ i- ,:is icterr i f l L d  by j o t  L i l t  io a ct r i C  i t  r at  icr. (Arua co-

lo t ICVC , Ancrican Instn~:ent Co .)  . Lac ta t e  wa s dotornin ci  in i~h c e  blo c -i , CSF ,

and perfus t ori  :1 a his ‘.:~tli an ena- - a n t  ic tL -Chn 1~j UL (Sion a C}t e :-i ical - o .  ) . Concen—

t rut ion of ~l l -  inu l  i:: in nL -r lus iof l  f l u i d s  na s acusure d w i t h  a thr ee-channel

I ac~ :ini : r icurh L ju i  Sciat  ii  lat i on Spv- ctr or:e te r , ~-bdci 3555 (Pa:kard Instni-

v a t s  do.) . A 0.5 r I  su -p ie was nixed with 10 nI of 1—ochnan heai.-sol’: CP

~ n I a t  on (ho chnan l a s t  :i:r.c-nts) . :~ucachi . ng was correctL J for  ny m an s of an cx—

tc:n;al standard. Efficiency f o r  t n t  i~~ cc~u~t in~ was eQ ae rcont .

l .aen cal  cal  a t  I ug transepend\rrl l I IL\C5, conceat  ru t  ~cns ot d~ and Li ,

aete  n-a in-i us m.’- Y L  01 hi :is:. u , wo re cen~ e r t i t o  rnlal 1 tv  n- h ’ H :u) by d iv ì u in g

by 0.95 (9). Pa ct a: e , determ ined in r~-!/ 1. of whole blood , ;-.as :onvc r t ed  to molr i i i t v

(nP/k g P 2 ( 2  in whole blo od) by dividing by 0. 504 ( 2 )  . Following lh ck abec  ‘ s recoin-

;menda t i ons  (13) we assumed that lactate was evenly d i s t r ib u t ed  betw een RBC and

p lasn:a water.  In CSF and in the protein—free perfus ion f l u i d s , c cn c e n t r a t i c n s

in afl/L were app lied in calculations of fl uxes ; correct ing for no ali tv  was icon-

ed insi gnif icant .

6. o T t a t~ s t i c a 1 ana ly ses

S t a t i s t i c a l  significance was determined by the Student t-test for paired

san~)le s , or by independent t-test , as app licable . Linear regress irn analysis

was perfo rmed w i th  evaluation of parameters of th-~ linc ’ s h-v F - tc st  (1) .

~~~~~~~~~ .~~~~a~r~~-~~~~~~-- -
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Results

1. ~ iratoiy adaptation to simul ated high a lt i tud e

‘l able 1 sw~narizes respiratoly data obtained in the goats at SL and

after  5 days at simulated HA. Mean ~co2 did not change a:lpreciably. ~0ean

resting VA, during a i r  breathing,  increased w i t h  ac . l i ~at na t ion  froo a

sea-level value of 2.9 to 3.9 1/mm ., BTPS (p<O .O t ) t ) ;  c~ncor i tantly , mean

PaCO2 decreased from 41 .3 to 34.3 torr (p < O .O0 l ) .  The h~~ c~~entilation at 
P

HA persisted during acute h~~ eroxia (PaD 2 > 250 torn) : ~ was hi gher , and

Paco7 lower , af ter  5 (lays at ILA , than at SL (4 .0 ar i  3.1 i/ la in.,  BTPS ,

p<O.02; 38..) and 42 .6 torr , p < O. 02) .

Data on ar ter ial  blood sair~ led while the goat s were quietly breath ing

room air are prosentci in Table 2 . Pa02 , as expc-:t-~d , was reduced fro m its

mean value of 104.4 torr at SL to 42.6 torr after 5 day s at simulated 1-iA

(p < O. OOl ) .  [lI CO~ ] in p lasma decreased from the :- ean se~ -icvcl value of 29 . 1

rri 1/ L to 23.2 rnM/L (p<O .02). Mean [Cl-] in plasma L-icreased from 105.9 to

111.5 mWl (p<0,Ol). Concentration of lactate in i-.::olc blood was 0.6 iif~’L

at SL and 1.2 mM/L at HA (a statistically insignifi cant difference). These

changes in the ionic Composition of arterial blood , together icith the ob-

served decrease in PaW-,, resulted in a small increase in arterial-blood p!-1

of about 0.01 units at Ui\ which was not statistica1?~y si gnificant. N

2. Composition of CSP (Table 3)

There was a statistically significant alkaline skift in the goats ’

cisternal GSF af ter  5 days at PB 446 torr : mean aN increased from 7 .300

at SL to 7.322 at l L-\ (p<O.OOl) , in spite of a si gni f i c n t increase in CSF

[Cl- ] and [Lactate], and a decrease in [llCO~J . The m e an cl-iange in CSF

a’ _

_ _ _ _ _ _  

_ _ _  
_ _ _  _ _
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I !lCO~ ] was -3. 8 0 .5 mM/L ( 4 8 . I i . ) ;  t h i s  tot s st o i c h i o ~ L t  r i c : i l l y  n a t c i a - I by a

mean ~onbined cIian -~:c in [Cl ] + ILa c t a t e ]  of + 3. 6 0.1 n\I/L. The a l k a l i n e

shi f t  in c is temal  (tSF was thus produced by a marked decrea se in P~~2 , from

47 .2 torn at SL to 38.9 torn at h A  (p < 0. OO l )

3. 1r~Utst ( j~~ ldVnul f l tL\ t ’s Of ions

In (~ goats , conij~I et c  se t s  of data needed for computation of t ransependvn~il

f luxes  for } R O ~ were obtained 25 t imes at SL mu id 22 t i m e s  at h A ;  for C1 , 2.1

t imes at SL and 17 t iiw- s at I L-\ . For lactate , dat a t -more obt i t  m e d  in only 4

goats , 17 t 11110 5 both at SI and I 1-\ . I~eta i led data art ’ a v a i l a b l e  From t~~ les

deposited t-.-i th the lot t ionul Auxi l i a ry l’nbi icat ions Se rvice of -\SIS.

ures I and 2 show net transc~)endyrui fluxes ol Hcc ~~ and (:1 — plotted

agai nst the di F Fe’ n-flees in the concent rat ions of these ions between the var  ions

vent ricular i n f lo w s  and the goat ’ s ct-rn (2SF ( ‘  l I R c ~~] and [01 ]) ; i F t h i s  di f f o r—

ence eq uals  :ero , the  concentration of the ion in the f la i  c- a t o n i n g  the  ven-

tricles is equal to that in the goat’ s o~i~ ~SF. Arh i t  r a n i l v , positive flux

n~ans uptal~e of the ion fro m the per fusate into cerebral I S P ;  negative fl ux

means washout of the ion from cereb ra l ISP into the p e r i l i - a t t e .

tVhen the concentration of Cl- or !1( O~ in the p er fusate  exceeded that in

the goat ’s own (2SF , the flux of the ion was posit ivo , i .e. into the bra in .  The

dashed and f u l l — d r a t ~n 1 ines represent least -squa re I inc-ar r egr essions derived

from the data at SL and at I L-\ respect ive ly.  I’ a r m u m c t & - i s  for  these regression

l ines are g i ven in Table -l . The v—int ercepts (a) arc stat i st  ica l ly i n l i s t i n —

guishab ic  fro m zero for I IC0~ fl uxes at S1 , and for ti — fluxes at both Si. and

I LA . However , for the t ransependvmzi l f lux of I 1GO~ at IL \  , t h i s  intercept is si g—

ii i f i  cant lv di ffe’rcait Iron zero (p -~t l . 00 1) . Hut s , in  gout s at s~. , -% dlefl t : me ’

- - - - ut;*~-~ ~~~ ~~m4t~ 1
’ 

— --- — an______________ 
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t o i l e L l i t  l i t  IOU 0?  lI t -  c )7~ or ot  ( I ~ i n  t he  i i t f I ~ w i n e ~ r t I t 1  i 1  ec l ti ~t I 5  th at in he

go.,t ‘s i S F  t - \ 1’- l ]  0, \~hItU~ J 0, F i t g i i - e - ;  I and 2 ) , t r ~a~~ e i tdv : . i l t l u . s  is

al ~o :e ro . !!ot~evL r , in our goa t s  adapt ed t o  I L-\ , t he re w.i~ a s i gni F i c a n t  IY

P~sit Ut’  t F . i l t 1 ~e I ’ e t t d \ l m l I  I lux of I ICt-)~ (2 .5$ (1 .28 1$’I/i::in , p~0. tt0i ) when -~ [IICt)~

- 
- 

equal led :ei-o ( I - i ’ : t i i e  1 , labte 4). I h t ’  c o i t d i t  ion for :em ilu~ of IIt1 ~~ -
~ (ml—

t i l l e d  o n ly  when 1II ( i ) ~~ in the in h l o w i n g  p o u t u s a t e  \ois S i n i t t c a n t lv (p~0. 01 l l )

~~~~~~~~~~~~~~ lowe r t hiat t I1k1 1~ I i i i  t he  e e it  ‘ s Os-it ci- b ; th e’ est m a t  o t~~ F he x— in te rc ep t  is

— o . 1 a\( - ’I —4 .1 and — 3 . o nt\(/l being the uppe’ t - 95 and ~~~ 0 1 o t a I l c e 1 i l I l i t  S , 10—

Spe ’Ct I Vt ’ I ~ , 101 ~ at  v (1)

A l l  pe rhi ts  ton  t h u d s  were’ prepared free 01 lact ate ; :hei - efor e , a n a l y s i s

of t he calculated t ianse pc ’ndvitu l Ii tnes Fe i- I act  a t e , a: i L ton s to that slt o- .ii

in I - i g w es 1 and 2 icr I k t - 1~ and C1 , was not po ss ib l e . :t at e  flux cOttit! be

c . I i c u l u t t ¼ I % Iiot ~ - c e r , l’v s et t  in g the i iu11o t ~ coucent t a t  i o u  iual to :c- uvt 1 5 0 0

~k’thods) . ftc t I . Z l t ~ el’ ( I t J V i i  I IIIL\ ot ’ 1 a c ta t  e d i d  not t a U\ sv - ~~ etaat iciti lv

wit i Ic t h e  vent ni cu lo -c i  st e  imit svs tern wits be iut -~ perfused \ -  :t h sol ut ions of

V at -jotis ( Ik \ ) ~~ and ~C ’~ 
— at St. or HA . The mean (~ S.l . ~ii I l a c t a t e I I L L \ e S

titemt y t i i ’ej at  SI . to t s  — 0 . t~0 ‘ 0.04 tiM/mm which was s i c ~u t i  t i c ~. .t l v  di f ferent  from

zero ~p- t t .0t~) ; a f t e r  a d a i t t a t  ion t o  HA the une ;uit I ransepe id~ . u l  t - — as lle )Ut of l a c t a t e

(—1 47 0.17 1 M~min) lois s ign i f ican t lv larct er (p~0 .OOI  

- -~~~~~— - ~~~ - ~~~--~~ .-—-~~~~~~~~~~~~
-
~~~~~~~~ -

- ~
--- - - r ’ ~~

- - - ~ 
- 

~~~~~~~~ 
——
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Discussion

Our data show th at venti latoz) ’ accl imatization to }1~ :- .as esta~-lish~d in

the goats after  S days at 
~B 446 torr , finding s analogous to those of Mine s

and S~rensen (16) , Lahiri et al (15) , and Morrill and Kellogg ~1S) , in this

species. In the arterial blood , hypoxic hypocapnia prevailed , with almost

complete renal compensat ion of the resp iratory alkalosis . In the cisternal

CSF , however , P11 was distinctly more alkaline at HA than at SL. This is s~~~i-

lar to findings in ponies (19) , dogs (4) ,  and ht~nan s eithe r in lwibar (5 ,7 , S ,

10,27) or cisterr~a1 (27)  CSP .

The mean difference (±S.E .) in Pco2 between CSF and arterial blood was

reduced from the sea-level value of 6.1 ± 0.6 torr to 5.6 ~ i. at HA (p<0 .JOl).

This does not necessarily indicate an increase in cerebra l bloed flow (C3F) at

I- IA becaus e the blood CO2 dissociation curve is steeper at lcwer values of Fj j2
(5) . Crawford and Severinghaus (5) expressed the CSF-to-art erial gradient in

Pc02 as a ratio , CSF P~O2 /Pa~O2 , to circumvent the non l inearity of the bloc-i

dissociation curve . They interp reted changes in this ratio to indicate reci pro-

cal changes in CBF , ass~ ning that the CSP -to-arterial ~~~~ ratio rez-ains ~r~por-

tional to the cerebra l venous-to-arterial ~~~~ ratio (and tha t the cerebra l C07

production does not change markedl y) .  In our observations , the mean (±S .E .) vaha~s

of ~SF PW2 /Pa~~ 2 were 1.149 ± 0.018 at SL , and 1.102 ± 0.03S after 5 days at I-LA ,

a change suggesting increase in CBF (statistically insignificant) . If the above

asstm~ tionS apply to our goats , we would conclude that , in s;~i te  of the low PaCf~ ,

CBF was not lowered after adaptation to I-IA , and it mi ght even have increasei son :-

what , a conclusion s i m il a r  to the findings in htmiart sojourners at h 1.\ (25) , znd in.

rats a lte r  24 hours of hypoxic hypocapnia (20) .

The ventriculo-cisternal perfus ions with ar t i f ic ia l  dS: ef variable [ . ~~O~ ]

____________  _______________________________________________ 
- ---- --- ----.-- --—- .~ -



~~~~~~~

12.

and [Cl — ] we re no r fo r ed to es tabl ish  the  relat ion et- Ce - the concentrations

of these ions in CS~- and in the cereb ral I-SF. ~et t r~~ se:endyna l fluxes ,

correc ted both Cor ent ry of an ion by bul k fo rmation of C.~F and for exit of the

ion by hul k absorpt ion of CSF in choroid v i l l i , repres~’nt passive exchange

acros s the leaks’ ependvr~i in the vent r ic les  and acrcss th: ~‘ia- glia  on the

cerebral surface (9 , 11,21).  When there is a concentra io:. gradien t for an

ion between the cereb ral 1SF and the fluid perfus ing t-e :arge cavities , there

is a measurable t ransependvnia l fl ux ; if  net flux is zero , there is no such con-

centration gradie~nt .  There fore , When there is zero tr is cndvmal flux, the

concentration of the ion umder consideration in the in :1o~ rer:usa te indicates

the concentration of tha t ion in the cerebral 1SF ( 9 .

~e fot~-id zero net transependymal flux of HCO~ .r I C~~ hen the vent riculo-

cisternal system of goats at SL was perfused wi th flni lc  ~ iv i n -~ concentrations

of these ions equal to those in the goat ’s own CSF (L[i -~J~ and ~[CF] equal to

zero , Figures 1 and 2 ) .  Therefore , we conclude that at S~ , ~lICO~ ] and [C1 ] in

CSF were the sante as in the cerebra l 1SF. This  is in a4r e :-a:’nt wi th  previous

finding s in goats at SL , either in normal acid-base ba Thnc~ or in steady acid-

base disturbances of non-resp iratory ori g in (9) . Af te r  ac ;l i;attizat ion to I - IA ,

net t ransependymal flux of C1 again was zero When [Cl’ ) in the perfusion fluid

equalled that in the CSF of acclimatized goats. Thus , -.:e :onclude that in goats

adapted to h A , [C1 ] in CSF remained equal to [C1 ] ~n ~er~~ra1 1SF. In con-

tras t , h ICO~ fl ux was s i t ~ni  iican t lv  pOsi t ive  ( flux into t ue -i ra in t i SSUC1 when

the pcr us~te had t he same [HW~ ] as that in the t~~at s  ~wn ~SF (~~[1I~O~ ] = 0 ,

Figure 1) . For a p o s i t i v e  net transepondyma l flux o~ h D~ t o occur , a gradient

of [U CO~ ) had to exist , w i t h  a lower concentration ir I .c -- r a in  tissue than in

the pert ’usate. For zero flux of }ICO~ to occur in go :ts ac:1it’~ati:cd to HA ,

- -  --- ~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - 
— 
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[HCO~J in the perfusate had to be lower than in CSF sa.’~pled from that goat. We

therefore conclude that in goats adapted to HA , (HCX)~] in cerebral ISP ~~s dem-

onstrably lo~er than in CSF. 
- 

- 
-

These findings suggest that in goats adapted to HA , there exists a steady-

state concentrat ion gradient of [HCO ~ J ,  and not of [C1 ) , between CSF and

cerebral 1SF , across the leaky ependyma and pia glia , with a lower [HCO~ ) in

cerebral 1SF than in CSF. This may be , at least in part , owing to a concentra-

tion gradient of lactate going in the opposite direction. The latter notion is

corroborated by the find ing that the mean negative transependymal flux of lactate

(washout of lactate) , measured in 4 of our goats , was -rc re than 16 t imes gr~ater

at I-LA than at SL.

From animal experiments involving respiratory measurements during ventriculo-

L 

- 

cisternal perfusions with fl uids of abnormal ionic composition (3,12 ,21) , it has

been concluded that the “central chemoreceptors” are located in the cerebral 1SF ,

at some distance f rom the surfa ce of the medulla. In cats , this distance was

estimated by Berndt et al to be 200-400 um (3) . In goat s with the vei~tricu 1o-

cisternal system perfused with artificial CSF of abnormal [HCO~j, the location of

the central chen~receptors was estimated by Pappenheimer et al (21) to be 3/4

along the concentrat ion gradient of HCO~ between the fluid present in cisterna

magna arid that ascribed to the cerebral ext ra cellular space . If we apply this

model to our data, then [HW~ } in the flui d sur roin~ding the central chemoreceptors

in goats acclimatized to HA would be 3/4 the distance alon g the gradient between

[HCO~) in cisternal CSF (19.6 n1~f/L , Table 3) and that assigned to the ..cerebra l

1SF (19. 6 - 6.1 = 13.5 nt’VL , Figure 1). Taking the mean (SF 
~CO� (Table 3) as

- 
- 

a measure of the prevailing cerebral-tissue P~ j2, pH in the flui d surr0~ iding

.the n~ du1lary chemoreceptors (pHi) ~would be equal to 6.13 + log j (O.7 5 x 13.5

- I- - - - ~~~~~~~ - - .~~
-

~~~~~~ I~~A .  ~~ 
‘
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+ 0.25 x l’. . 6 ) / 0 . 031  x 35 .~ ) I = 7 .23.  1 1 a cer ebral— I SF (HCO -~] co:- z1-~ I~: ad in g

to the upper 95°~ tolerance 1 im i t  (c ist ernal  [HCO~ ] mi n us 4 .1 ~ -~/L~ , as

dicted from data in Fi gu re 1 and Table 4 , were taken for this estimate -~f PI~~,

the value would be 7 .27 . Both these estimates give pH values acidotic compar-

ed to SL , where p11 in the f lu id  surrounding the central chemo receptors should

be equa l to that measured in cisterna l CSF , 7.30 (Table 3 ) ,  since at SL , no

gradient for [HcO~ ] was found between CSF and 1SF in the present or pre’.ious

(9) experiments.

IVe conclud’~ that the fluid surrounding the “cent ral chenoreceptors ” is

more acidic in goats acclimatized to HA , than at SL , in spite of the alkalosis

in cisternal CSF. This may contribute to the vent i la tor v acclimatizat ion of

the an imals. This conclusion is similar to t hat of Davies (6) , althoug i i t  is

deri ved fro m a di ffe rent experimental approach , and is based on less indirect

ass~m;)tions. Ou ’  conclusions are also compatible , at least in par: , with those

of Crawford and Scvering haus (5) , wh ich state that venti lator -  drives other than

those from peri phera l chemoreceptors or those ascribed to the effect of [H~ J in

bul k CSF are contributing to ventilator>’ acclimatization to I-LA .

_ _ _  _ _ _ _  -
_ _ _  
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